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論文内容要旨
 Inthisthesis,both癒edensityfhnctionalandt圭頭t-bind血gquantumche憩icalmo圭eculardynamics
 calculationsconcemingthe雌erf込cialpropertiesof癒esupportedpreciousmetalcatalystswerepごesented.
 Forbetterrea(i血gof宅his崩esis,researchbackgroun(1(C込al}ter1)is血柱oducedintheearly主)artof旗isthes量s・
 PreciousmetalssuchasRh,PdorPtplayessentia1roleinma総ycatalyticsystems,suchasthエee-waycatalystfbr
 automobileexhaustcatalystande圭ectro(1ecatalystfbypolymerelectro琳e癒elce1LSupportisnecessaryfbrthe
 dispersionofmetalparticlesfbHnainta血inghighers疑漁cearea.麺add雄。益,supportis㎞ownto短fluencethe
 止血sicactiv玩yofthecatalysthlor(iertoundersta皿d甑eh‡erac重io益atelec往onican(1a重omicleve1,
 computationalchemistryme廿iods纐reextensivelyused血recents織d圭es.㎞癒iss加dyI血vestigated極e血terfゑcial
 stabil量tyandadso∫ptionprop飢iesofthesupportedprecious燃etalca‡a玉ystsus血gthecomputatio益alchemistry
methods.
 Thetheoreticalmethodsused血thisthesisareiilustrated血C蓋apter2,wheredensityfhnctio益a玉theoryand
 毛ightあ血(1血gquantumchemicalmoleculardynamicsmetho(isarepresente{玄Densityf血ctional雛eory(DFT)
 programsandou■or圭ginaltight-b血d血gquantumchemicalmo王ec縁1ard弾amicsprogram,Colors,wereusedto
 s臓dyth¢supP・貢edpreci・usmeta王catalysts・“C・1・rs"is・ver5000t麺es鉛sterth㎝theτegu1鍵癒st-P血ciples
 nle血。(ls,血usrea重捻血9血es㎞uia纏onoflaエgerealisticsystems.
 AnaimofChapter3isanac搬&lcatalystdesignbycompu繍沁慕alme極。αInordertoclarify甑efeactivity
 a葺dselectivityofmetalsulfldecatalyst飴r血eCO鼓ydrogena重ionprocess,血e血teracもionbe御veen癒eCOan(i
 smallmetalsulfi(leclusters.丁鼓eelongationoftheC-O(iista丑cemayleadtothefb㎜at圭。且ofhydrocarbonsラwhile
 theshr血kageoftheGOdis鉦mcemaylea(itothefb㎜atio薮ofmethano1.Hence,IpaidattentiontotheC-O
distanceoftheCOmoleculeadsorbedonthevariousmetaiandmetalsulfi(1ecatalysts.TheC-O(iistanceis
 shortenedontheCo,Mo,Ru,Rぬ,andIrsulfidecatalystscomparedto癒e盆metalcatalyst&Itindicatesthatthese
 metalsulfideca‡aiystsselectivelyproducemcthano1,w蓋ichisinagreementw墨ththeexper1mentalresults.Onthe
 otherhand,s血cetheC-Odistanceise重onga‡edontheReandOssulfidecatalystcomparedto癒elrmetalcatalysts,
 thesesulfidesaresugges‡e(ltobeverye飾。‡ivecatalys‡stoproducehydrocarbonselectivelyヨwhichisalso勧
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good agreement with the experimental results. Table I . Adsor~rtion energy and charge of Zr02 supported M4 
Chapter 4 describes that the clusters_ 
adsorption properties of the precious site E,ds (kcal/mol) total charge of M4 
metals on the oxide surfaces calculated by 
the density functional theory calculations. Pt4 on-top Zr ~79.3 +0.058 
I investigated the interaction between precious 3-fold -83.4 +0.081 
metals (Pt, Pd and Rh) and Zr02(1 1 1) surface to Pd4 on-top Zr -52.8 +0.325 
clarify their interfacial stability. Table 1 3-fold -5 1 .O +0.347 
summarizes the adsorption energy and the total Rh4 on-top Zr -71.1 +0. 1 79 
charge of each metal cluster. As can be seen, 3-fold -70. 1 +0.206 
the Pt4 cluster shows much stronger interaction 
with the Zr02(111) surface 
than the Pd4 cluster. This 
indicates that the Pt/Zr02 
interfac e ' Is more 
thermodynamically stable 
than the Pd/Zr02 interface. 
On the other hand, the 
adsorbed M~ clusters have 
positive charges. Further, 
the Pd4 cluster shows much 
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Figure I . Comparison of the CO adsorption energies between the isolated M~ 
clusters and supported M4 clusters. 
larger positive charge than the Pt4 cluster on the Zr02(111) surface. In addition, clear charge polarization was 
observed for the supported metal clusters. I also studied the NO adsorption on the precious metals supported on 
the Zr02(1 1 1 ) by same method. As a result, the Pd/ZrO_, system showed much stronger interaction with the NO 
molecule compared to the PuZr02 system. 
In chapter 5, to clarify the support effect on the adsorption properties, CO adsorptions over Pd4 and Pt4 
cluster supported by c-Zr02(1 1 1) and Ce02(1 Il) catalyst systems were investigated using DFT method. Support 
was found to inCrease the CO activation for bridge and 3-fold sites but decreases for the atop site. Moreover, it 
was found that the support changes the site preference for the CO adsorption as shown in Figure I . Bridge site 
on both the Pt4/c-Zr02 and Pt41Ce02 show larger CO adsorption energies than those on the other sites while the 
atop site is energetically preferable on isolated Pt4 cluster. The c-Zr02 supported Pd shows the largest CO 
activation with large eharge transfer from the catalyst to the CO molecule. This reveals that Zr02 supported Pd 
can be a good catalyst for CO activation beeause ofits higher probability to the 3-fold site CO adsorption. I also 
found that positively charged M4 clusters on the support keep their strong electron-donating properties and have 
enough charge density to contribute to the activation of an adsorbed CO molecule by a charge transfer. 
In chapter 6, I performed a parameterization for the tight-binding quantum chemical molecular dynamics 
simulation program "Colors" and successfiilly analyzed the electronic states dynamics ofthe CO adsorption on 
- 511 -
the Pt( 1 1 1 ) stlrface using determined charge 
JePt Pt parameters. The tight-binding quantum ' +0.200 ! ' / i 
j i :; !i - } S;i;:!:iee;1';･;~;!/f;,::i'~!~bi," , e ~ {, 'f)i:{:SS;~,;:~Sj/;:SS'iie,!: 
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chemical molecular dynamics calculation i i = -i { -
! O j i :C jZr O I { -~ strongly supported the previous experimental i i ; O """"...= results on the low-coordinate preference ofthe ' i _ ** 
-
~ 
CO adsorption. I also successfully analyzed ! --
 the activation and the dynamic vibration ~･･ _O.200 
~ 
properties of the CO molecule caused by the 
electron transfer fTom the Pt(111) surface and 
the change in the adsorption site. 
In chapter 7, the electronic state of small 
Pt particles is studied by using the "Colors". 
Charge distribution of Ptl3/Zr02(111) and Zr02 surface Ce02 surface 
Ptl3 /Ce02(1li) calculated by "Colors" is Figru'e 2. Charge distribution and its concept picture ofi (a) Ptl3 
compared in Figure 2. On the Ce02(111) Particle on ZrO,_(111). Ptl3 particle on Ce02(111). 
surface, the outer Pt atoms were positively charged 
: (c) : (b) (a) 
by the influence of the Ce02(111) surface, which is 
also significantly different from those in the free Pt 
particle. The entire trend of the charges on the 
Ptl 3/Zr02( 1 1 i ) is similar to that on the 
Ptl3/Ce02(11 1). However, the total charge of the Ptl3 
particle on the Ce02(11 1) surface was 2.86, which is 
almost twice that of on the ZrO2(111) surface 
(1.47). This interesting finding may be related to the Figure 3. Cumulated orbital distribution fi:om 8noM0-leV 
stronger interaction of supported metal cluster with to 8HOMO on Pt4/graphite interfaces: (a) Pt~ cluster on 
hydrated graphite (1120) surface, (b) Pt4 cluster on 
the Ce02 surface than that with the Zr02 surface 
' H-tenuinated graphite (1 1 20) surface, (c) Pt4 cluster on 
From the comparison of these charge distribution, it graphite (1 1 ~O) surface. 
was found that the electron transfer takes place ftom 
the Pt particle not only to the O atoms but also Ce atoms. It is experimentally well-known that Ce atom is easier to 
be reduced compared to Zr atom. In t'act, such electron transfer from the Pt particle to the Zr atoms was not 
observed in the case of the Pt/Zr02(111). From these results, we concluded that the reduction of the Ce atoms 
caused by the electron transfer from the Pt particle to the support rationalize the strong interaction of the Pt 
particle with the Ce02 support. 
In chapter 8, the interface of carbon-supported platinum catalyst was investigated for polymer electrolyie fuel 
cells (PEFC) using DFT method. I focused my attention to examine the stability and electronic properties of 
platinu:m-carbon interface. It was deduced fi'om the single Pt atom adsorption study that Pt is more stable on 
H-terminated graphite(1 1 20) surface than (OOO I ) surface. On the other hand, Pt four-atom cluster (Pt4) showed 
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nearly the same adsorption characteristics on both the 
H-teuninated graphite surfaces. However, the presence 
of hydroxyl (-OH) groups on graphite surface disturbs 
the interaction between Pt4 cluster and carbon atoms. It 
is clear from Figure 3 (a) that the hydrated graphite(1 1 2 
O) surface shows much smaller P~-C orbital overlap 
than that on H-tei~minated graphite( I 1 20) (see Figure 3 
(b)) and graphite (1 1 20) (Figure 3 (c)) interfaces. 
In chapter 9, I carried out the chemical reaction 
dynamics over precious metal electrode for the PEFC 
calcLilated by "Colors" program. Figure 4 depicts the 
snapshots of the oxygen molecular electroreduction 
(OER) reaction. The 02 dissociation was accelerated by 
the fonnation of an 0-0-H group. Although the 
protons were placed on the center of water layer as 
H30+ in the initial structure, the protons were 
transferred to adsorbed 02 molecule via another H20 
molecule forming hydrogen bonds. 
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Figru'e 4. Snapshots for OER on Pt(1 1 1 ) surface with 
presence ofwater molecules and protons. 
Next the 0-0-H group was dissociated to an O and an OH, then the OH 
formed an H20 with a transferred proton and another oxygen atom formed an OH group with abstraction of an H 
atom from neighboring H20 molecule at 0.5 ps. Finally the formed H20 molecule started to desorb fiom Pt(111) 
surface at 0.8 ps. Chemical reaction dynamics on electroreduction of oxygen molecule was successfully simulated 
by using Colors program. 
As a summary (chapter I O), in this thesis I proved that the computational methods, especially quantum 
chemistry methods, give us valuable infcumation in electronic and atomic level. I investigated the interfacial 
properties between the precious metals and the supports systematically using DFT method. These results can be 
helpfiil references for the investigation of the supported precious metal catalysts. Moreover, I introduoed the 
tight-binding quanttun chemical molecular dynamics method to the supported precious metal catalysts. After 
precise parameterization, I successfully realized the large-scale calculations on the precious metal-oxide interfaces 
and chemical reaction dynamics over electrode ofpolymer electrolyie fuel cell using the tight-binding quantum 
chemical molecular dynamics method. 
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 論文審査結果の要旨
 本研究は自動車排出ガス触媒や燃料電池の電極触媒などとして用いられる担持貴金属触媒に薄
 して、貴金属一担体間の界面構造及び界面安定性、またそこにおける反応性などに関する量子化学的
 な検討を行い、今後の触媒設計における設計指針を与えることを目的としている。
 本論文はrQuantumChemicalStudiesoぬSurfaceStructuresandAdsorptio自Propertiesof
 SupportedPreciousMetalCatalysts(担持貴金属触媒の表面構造および吸着特性に関する量子化
 学的研究)」と題し、以下の10章から成り立つ。
 第1章は、担持貴金属触媒の重要性及び過去の研究例、または新たに研究が求められている自動
 車排出ガス触媒と固体高分子形燃料電池の電極触媒に関して述べており、本論文の目的を明確にし
 ている。
 第2章では、本論文で使用した計算化学方法について説明している。本論文では密度汎関数法と
 ともに、初めて担持貴金属系に適用したTight-binding量子分子動力学法の理論について詳説して
 いる。
 第3章では、密度汎関数理論に基づく量子化学計算を用い、遷移金属、遷移金属硫化物触媒について、
 CO水素化活性、選択性に対する有効触媒を予測した。計算から予測された結果は実験結果ともよく一
 致しており、予測手段としての計算が有効であることを示している。
 第4章は、密度汎関数法による貴金属一酸化物担体間の相互作用及び界面安定性に関する解析に
 ついて述べている。この検討によって従来明らかにされていなかった貴金属一酸化物担体間の相互作
 屠を理論的に解明している。
 第5章では、担持貴金属触媒上のCO吸着における担体の影響に関して密度汎関数計算を行って
 いる。従来の理論的検討では担体を考慮しない金属単結晶上でのCO反応性が研究されてきたが、こ
 の検討からは分子吸着における担体効果を理論的に明らかにしている。
 第6章では、従来の手法と比べ大幅な高速計算が可能な新規Tight-binding量子分子働力学法を
 担持貴金属系に適用するためパラメータ決定を行っている。決定したパラメータを用いて白金表面
 上のCO吸着計算を行い、従来の手法では再現できなかった実験事実を再現することで本手法の有効
 性を示している。
 第7章では、前章で決定したパラメータなどを用い、大規模担持貴金属モデルにおける
 tight-binding量子分子動力学計算を行った。この計算によって貴金属微粒子の電子状態及びそこ
 における担体の影響を初めて理論的に解明している。
 第8章では、固体高分子形燃料電池の電極触媒として用いられるカーボン担持白金触媒に対して
 密度汎関数計算を行い、カーボン担体の様々な表面状態による白金の安定性の変化を理論的に初め
 て明らかにしている。
 第9章では、前述のTight-binding量子分子動力学法を固体高分子形燃料電池の白金電極触媒上
 の酸素還元分解反応に適用し、大規模量子分子働力学計算を行うことで反応ダイナミクス及び反応
 後の表面構造に関する知見を得ることに成功している。
 第10章は、本論文の総括である。
 以上、本論文は従来理論的な裏付けが不十分であった担持貴金属触媒系に対して、量子化学的手
 法を適用することで触媒界面構造や界面安定性、更にはその反応性を明らかにしており、今後の触
 媒設計における設計指針を与えることに成功している。
 よって、本論文は博士(工学)の学位論文として合格と認める。
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